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(57) ABSTRACT 

An electrically erasable and programmable memory 
includes an array of memory cells, and a distribution line 
linked to a receiving terminal of an external supply voltage 
and to a booster circuit. The distribution line provides an 
internal supply voltage. The distribution line is also linked to 
the receiving terminal through a diode or a diode circuit 
simulating operation of a diode. The memory includes a 
regulator for triggering the booster circuit When the internal 
supply voltage becomes loWer than a threshold so as to 
maintain the internal supply voltage close to the threshold 
When the external supply voltage is too loW, at least during 
the reading of memory cells. The diode or the diode circuit 

(22) Filed: Apr. 22, 2003 is blocked When the external supply voltage is too loW. 
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ELECTRICALLY ERASABLE AND 
PROGRAMMABLE MEMORY COMPRISING AN 
INTERNAL SUPPLY VOLTAGE MANAGEMENT 

DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an electrically 
programmable and erasable memory comprising a memory 
array of memory cells, and a distribution line of an internal 
supply voltage linked to a receiving terminal of an eXternal 
supply voltage and to a booster circuit. The present inven 
tion relates more particularly to the management of the 
internal supply voltage of this memory, particularly during 
phases of reading memory cells. 

BACKGROUND OF THE INVENTION 

[0002] An eXample of the architecture of an electrically 
erasable and programmable memory is schematically rep 
resented in FIG. 1A. The illustrated memory MEM1 com 
prises a memory array MA in Which memory cells Ci];k are 
linked to Word lines WLi and to bit lines BLLk arranged in 
columns, Wherein i is a Word line indeX, k is a column indeX, 
and j is a bit line indeX Within a column. 

[0003] Each memory cell Ci];k comprises a ?oating-gate 
transistor FGT, the drain of Which is linked to a bit line BL]:k 
through an access transistor AT. The gate of the transistor 
FGT is linked to a gate control line CGLk through a gate 
control transistor CGTLk. The gate of the gate control 
transistor CGTLk and the gate of the access transistor AT are 
connected to a Word line WLi. 

[0004] To ensure access to the memory cells for reading 
and Writing, the memory also comprises a line decoder 
RDEC, a column decoder CDEC, a column lock circuit 
CLC, a column selection circuit CSC, a programming circuit 
PLC and a read circuit SA. 

[0005] The read circuit SA comprises sense ampli?ers, 
such as eight ampli?ers SAO to SA7, for eXample, if the 
memory array is made up of eight-bit Words. Each ampli?er 
SA]- of rank j is linked, through a multiplexing bus MB, to 
each bit line BLLk of the same rank j present in each column 
of the memory array. 

[0006] The line decoder RDEC and the column decoder 
CDEC respectively receive the most signi?cant bits and the 
least signi?cant bits of an address AD, and respectively 
deliver I line selection signals RSi and K column selection 
signals CSk. After application of an address AD, a line 
selection signal RSi out of the I signals RSi is set to 1 by the 
line decoder, While the other signals RSi are equal to 0. 
Similarly, a column selection signal CSk out of the K signals 
CSk is set to 1 by the column decoder While the other signals 
CSk are equal to 0. 

[0007] From an electrical point of vieW, a line selection 
signal RSi equal to 1 has a voltage level equal to an internal 
supply voltage Vps applied to a supply terminal T1 of the 
decoder RDEC. Similarly, a selection signal CSk equal to 1 
has a voltage level equal to an external supply voltage Vcc 
applied to a supply terminal T2 of the decoder CDEC. 

[0008] The column selection circuit CSC comprises bit 
line selection transistors STLk. Each transistor ST];k is 
arranged in series on a bit line BLLk and alloWs the bit line 
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to be connected to a sense ampli?er SA]-. The transistors 
ST present on bit lines of the same column are driven by the 
selection signal CSk of the column considered. 

[0009] The column lock circuit CLC comprises column 
selection locks CLk and receives a gate control voltage Vcg 
at an input terminal. Each lock CLk is activated by a column 
selection signal CSk. Each lock delivers the voltage Vcg to 
the gate control line CGLk of the column to Which it is 
assigned, When it is activated by the corresponding signal 
CSk. 
[0010] The voltage Vps electrically supplies the column 
selection locks CLk and is applied for this purpose to a 
supply terminal T3 of the circuit CLC. The programming 
circuit PLC comprises programming locks PL];k each having 
an output linked to a bit line BLLk. The locks PL];k are 
activated by the selection signals CSk to load data [DATA] 
to be programmed, on the basis of one bit per lock, upon 
reception of a signal LOAD. 

[0011] The voltage Vps electrically supplies the program 
ming locks PL];k and is applied for this purpose to a supply 
terminal T4 of the circuit PLC. The voltage Vps is delivered 
by a distribution line 10 represented in FIG. 1B, connected 
to the terminals T1, T3, T4 of the elements described above. 
The distribution line 10 is linked to a supply terminal 11 of 
the memory through a sWitch transistor TsW that is off 
(transistor on) during the column selection, programming 
lock loading and read periods. The voltage Vps is then 
substantially equal to the voltage Vcc, disregarding the 
voltage drop in the transistor TsW. 

[0012] The distribution line 10 is also linked to the output 
of a booster circuit PMP1, generally a charge pump, sup 
plied by the voltage Vcc and controlled by a regulator 
REG1. During phases of erasing and programming memory 
cells, the sWitch TsW is on (transistor blocked) and the 
charge pump is activated. The charge pump delivers a high 
voltage Vpp, on the order of 15 to 20 V, that is gradually 
applied to the line 10 by a ramp generator RAMPGEN 
comprising a PMOS transistor arranged in series on the line 
10. This transistor is represented With dotted lines, as it is 
transparent from an electrical point of vieW (it leads to 
hardly any voltage drop in the line 10) eXcept during the 
ramp generation periods. 

[0013] The gate control voltage Vcg is delivered by a 
circuit CGGEN supplied by the voltage Vps. When the 
memory is in the read phase and the voltage Vps is equal to 
Vcc (TsW on), the voltage Vcg delivered by the circuit 
CGGEN is equal to a read voltage Vread. When the memory 
is in the erase phase and the voltage Vps is equal to the high 
voltage Vpp, the voltage Vcg delivered by the circuit 
CGGEN is equal to a high erase voltage Verase. Finally, 
When the memory is in the programming phase and the 
voltage Vps is equal to the high voltage Vpp, the voltage 
Vcg delivered by the circuit CGGEN is equal to 0 (ground). 

[0014] Such a memory is generally required to have 
technical speci?cations that are quite Wide and fairly unre 
strictive for the user as far as the eXternal supply voltage Vcc 
is concerned, With a tolerance range from 1.6 V to 5.6 V, for 
eXample. HoWever, in practice, it emerges that a drop in the 
voltage Vcc in the loWest values of the tolerance range is 
capable of leading to a malfunction of the memory during 
periods of reading memory cells. 
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[0015] For a better understanding, it Will be assumed, With 
reference to FIG. 1A, that a memory cell Ci];k must be read 
by an ampli?er SAj. Acolumn selection lock CLk applies the 
voltage Vcg to the gate control line CGLk. The voltage Vcg 
is, in this case, equal to Vread and must be found, Without 
attenuation, on the gate of the ?oating-gate transistor FGT, 
through the transistor CGTLk. The voltage Vread is betWeen 
the threshold voltage of the erased transistor and the thresh 
old voltage of the programmed transistor, and enables the 
sense ampli?er SA]- to ?nd out Whether the transistor is on 
(transistor erased, corresponding to the reading of a 1) or 
blocked (transistor programmed, corresponding to the read 
ing of a 0). It Will be assumed that the voltage Vread is on 
the order of 1.2 V, as is generally the case, and that the 
tolerance range for the voltage Vcc is 1.6-5.6 V. 

[0016] So that the voltage Vread reaches, Without attenu 
ation, the control gate of the transistor FGT, the gate of the 
transistor CGTi)k must receive a selection signal RSi having 
a voltage level at least equal to Vread+Vt, Wherein Vt is the 
threshold voltage of the transistor CGTLk. Since the voltage 
level of a selection signal RSi set to 1 is equal to the voltage 
Vps applied to the supply terminal T1 of the decoder RDEC, 
the voltage Vps must be higher or equal to a threshold 
Vmin1 such that: 

[0017] i.e., approximately 2.2 V in the abovementioned 
example. Yet, the threshold Vmin1 is above the loWest 
values of the voltage Vps contained in the abovementioned 
tolerance range. 

[0018] A similar problem is encountered on the bit line 
BLjk during the reading of the cell. The sense ampli?er SA] 
applies a voltage Vpol to the bit line BL];k that must be found 
on the drain of the transistor FGT after passing through a 
selection transistor STj)k and the access transistor AT. The 
access transistor AT must therefore receive a selection signal 
RSi at its gate that is at least equal to a threshold Vmin2: 

[0019] Wherein Vt is the threshold voltage of the access 
transistor. 

[0020] Similarly, the selection transistor STj)k must 
receive a selection signal CSk at its gate that is at least equal 
to Vmin2, so that the voltage Vcc applied to the decoder 
CDEC must not be beloW Vmin2. In fact, providing a Wide 
tolerance range for the supply voltage Vcc implies providing 
a means for guaranteeing that the internal supply voltage 
Vps does not drop beloW the thresholds Vmin1 and Vmin2, 
and that the voltage Vcc applied to the column decoder does 
not drop beloW the threshold Vmin2. 

[0021] As the voltage Vpol is generally beloW Vread, such 
as 1 V for example, the threshold Vmin2 is beloW the 
threshold Vmin1. Maintaining a minimum voltage Vminl on 
the decoders RDEC and CDEC is therefore sufficient to 
guarantee the proper bias of the gates of the access transistor 
AT and of the selection transistor STLk. 

[0022] Aclassical approach to maintain the internal supply 
voltage Vps at a suf?cient level is represented in FIG. 1C. 
A booster circuit is provided, generally a charge pump 
PMP2, Which delivers a regulated voltage Vboost. The 
charge pump PMP2 is controlled by a regulator REG2 and 
is placed upWards from the distribution line 10, betWeen the 

Dec. 4, 2003 

supply terminal 11 of the memory and the sWitch transistor 
TsW. The line 10 therefore receives the voltage Vboost 
instead of the voltage Vcc. The voltage Vboost is also 
applied to the terminal T2 of the decoder CDEC, instead of 
the voltage Vcc. 

[0023] This approach has a disadvantage in that the pump 
PMP2 constantly consumes current, even When it is not 
necessary, i.e., When the voltage Vcc is above the threshold 
Vminl. Another disadvantage of this approach is that it 
requires providing tWo charge pumps, one to deliver the 
voltage Vpp in the erasing or the programming mode and the 
other to deliver the voltage Vboost in the read mode. 

SUMMARY OF THE INVENTION 

[0024] In vieW of the foregoing background, an object of 
the present invention is to overcome the above listed dis 
advantages. 
[0025] This and other objects, advantages and features in 
accordance With the present invention are achieved by 
providing an electrically erasable and programmable 
memory comprising a memory array made up of memory 
cells, a distribution line of an internal supply voltage linked 
to a receiving terminal of an external supply voltage and to 
a booster circuit, and a diode or a diode circuit simulating 
operation of a diode and linking the distribution line to the 
receiving terminal. The memory also comprises means for 
triggering the booster circuit When the internal supply volt 
age becomes loWer than a determined threshold, so as to 
maintain the internal supply voltage proximate to the thresh 
old When the external supply voltage is too loW, at least 
during the reading of the memory cells. The diode or the 
diode circuit is blocked. 

[0026] The determined threshold may be higher than or 
equal to the sum of a memory cell read voltage and a MOS 
transistor threshold voltage. The determined threshold may 
also be higher than or equal to the sum of a drain bias voltage 
of a memory cell to be read and a MOS transistor threshold 
voltage. 
[0027] The memory may further comprise the booster 
circuit to take the internal supply voltage to a high memory 
cell erasing or programming voltage, during phases of 
erasing or programming the memory cells. According to one 
embodiment, the memory comprises a single booster circuit 
and a regulator With tWo operating modes. One operating 
mode is during phases of erasing or programming the 
memory cells, during Which the internal supply voltage is 
taken to a high erasing or programming voltage. Another 
mode is at least during phases of reading the memory cells, 
Wherein the internal supply voltage is maintained proximate 
to the threshold When the external supply voltage is too loW. 

[0028] The memory may comprise a line decoder having 
a supply terminal connected to the distribution line. The 
memory may comprise column selection locks and a column 
selection lock supply terminal connected to the distribution 
line. The memory may also comprise programming locks 
and a programming lock supply terminal connected to the 
distribution line. 

[0029] The memory may comprise a column decoder and 
a column decoder supply terminal that is linked to the 
distribution line through a ?rst sWitch that is off at least 
during phases of reading memory cells, and is linked to the 
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receiving terminal of the external supply voltage through a 
second sWitch that is off When the ?rst sWitch is on. 

[0030] The diode circuit may comprise a poWer sWitch 
With a loW series voltage drop, Wherein the anode is linked 
to the receiving terminal of the external supply voltage and 
the cathode is linked to the distribution line. There is also 
means for controlling the poWer sWitch, arranged to auto 
matically sWitch off the poWer sWitch When the internal 
supply voltage is higher than the external supply voltage. 

[0031] The means for controlling the sWitch may comprise 
a differential circuit to compare the external supply voltage, 
and the internal supply voltage and to deliver a control signal 
of the poWer sWitch so as to sWitch on the poWer sWitch 
When the internal supply voltage is higher than the external 
supply voltage, and to maintain the poWer sWitch off When 
the internal supply voltage is substantially equal to the 
external supply voltage. 

[0032] The differential circuit may comprise tWo branches 
arranged as current mirrors, each comprising at least one 
PMOS transistor in series With an NMOS transistor. A ?rst 
branch is biased by the external supply voltage, and a second 
branch is biased by the internal supply voltage. The control 
signal of the poWer sWitch is taken off at the drain of the 
PMOS transistor of the branch biased by the internal supply 
voltage. The poWer sWitch may be a PMOS transistor. The 
booster circuit may be a charge pump. 

[0033] The present invention also relates to a method for 
managing an internal supply voltage of an electrically eras 
able and programmable memory comprising a memory array 
made up of memory cells, and a distribution line of the 
internal supply voltage linked to a receiving terminal of an 
external supply voltage and to a booster circuit. The method 
comprises a step of linking the distribution line to the 
receiving terminal through a diode or a diode circuit simu 
lating the operation of a diode, and a step of activating the 
booster circuit When the internal supply voltage becomes 
loWer than a determined threshold, so as to maintain the 
internal supply voltage proximate to the threshold When the 
external supply voltage is too loW, at least during the reading 
of memory cells. The diode or the diode circuit is blocked. 

[0034] The determined threshold may be higher than or 
equal to the sum of a memory cell read voltage and a MOS 
transistor threshold voltage. The determined threshold may 
also be higher than or equal to the sum of a drain bias voltage 
of a memory cell to be read and a MOS transistor threshold 
voltage. 
[0035] Asingle booster circuit may be provided to take the 
internal supply voltage to a high erasing or programming 
voltage during phases of erasing or programming memory 
cells and to maintain the internal supply voltage proximate 
to the threshold When the external supply voltage is too loW 
at least during phases of reading memory cells. 

[0036] The method may be applied to a memory compris 
ing a column decoder and a column decoder supply terminal, 
in Which the supply terminal of the column decoder is linked 
both to the distribution line through a ?rst sWitch that is off 
at least during phases of reading memory cells, and to the 
receiving terminal of the external supply voltage through a 
second sWitch that is off When the ?rst sWitch is on. 

[0037] The diode circuit may comprise a poWer sWitch 
With loW series voltage drop, Wherein the anode is linked to 
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the receiving terminal of the external supply voltage and the 
cathode is linked to the distribution line, and means for 
controlling the poWer sWitch. The means is arranged to 
automatically sWitch off the poWer sWitch When the internal 
supply voltage is higher than the external supply voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] These and other objects, advantages and features of 
the present invention shall be explained in greater detail in 
the folloWing description of a memory comprising a poWer 
supply management device according to the present inven 
tion, given in relation With, but not limited to the folloWing 
?gures: 
[0039] FIG. 1A illustrates an architecture of an electri 
cally programmable and erasable memory according to the 
prior art; 

[0040] FIG. 1B illustrates one embodiment for managing 
the internal supply voltage of the memory in FIG. 1A; 

[0041] FIG. 1C illustrates another embodiment for man 
aging the internal supply voltage of the memory in FIG. 1A; 

[0042] FIG. 2 is a block diagram illustrating an electri 
cally programmable and erasable memory comprising a 
poWer supply management device according to the present 
invention; 
[0043] FIG. 3 is a more detailed diagram of the poWer 
supply management device illustrated in FIG. 2; 

[0044] FIGS. 4A and 4B are curves respectively repre 
senting an external supply voltage, and an internal supply 
voltage delivered by the poWer supply management device 
according to the present invention; 

[0045] FIG. 5 represents an embodiment the element 
labeled SDC represented in block form in FIG. 3; and 

[0046] FIG. 6 is a Wiring diagram for reading a memory 
cell in the memory illustrated in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] FIG. 2 represents an electrically erasable and pro 
grammable memory MEM2 comprising a poWer supply 
management circuit PSMC according to the present inven 
tion. The circuit PSMC comprises an input linked to a supply 
terminal 21 of the memory, to Which an external supply 
voltage Vcc is applied. It has an output OUT1 linked to a 
distribution line 20, Which delivers an internal supply volt 
age Vps1 thereto. The circuit PSMC also comprises an 
output OUT2 delivering a voltage Vps2 and an output OUT3 
delivering a gate control voltage Vcg. 

[0048] Furthermore, the memory MEM2 has a classical 
architecture and it has the elements already described above, 
designated by the same references, i.e., the memory array 
MA, the line decoder RDEC, the column decoder CDEC, the 
column lock circuit CLC, the column selection circuit CSC, 
the programming circuit PLC, the read circuit SA and the 
multiplexing bus MB. 

[0049] The line decoder RDEC receives the voltage Vps1 
at its supply terminal T1, via the line 20. The voltage Vps1 
therefore determines the voltage level of a line selection 
signal RSi set to 1. The column decoder CDEC receives the 
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voltage Vps2 at its supply terminal T2 delivered by the 
output OUT2 of the circuit PSMC. The voltage Vps2 there 
fore determines the voltage level of a column selection 
signal CSk set to 1. 

[0050] The voltage Vps1 is also applied to the supply 
terminal T3 of the column lock circuit CLC and to the 
supply terminal T4 of the circuit PLC, Which are connected 
to the line 20. The circuit CLC comprises column selection 
locks (reference FIG. 1A) and also receives the voltage Vcg 
at another terminal delivered by the output OUT3 of the 
circuit PSMC. The voltage Vcg is intended to be applied to 
the gates of the ?oating-gate transistors of the memory array 
through the column selection locks and the gate control lines 
(reference FIG. 1A). 
[0051] FIG. 3 represents in block form the architecture of 
the circuit PSMC. A booster circuit can be distinguished, 
here a charge pump PMP3, the output of Which is connected 
to the distribution line 20. The charge pump PMP3 is 
controlled by a regulator REG3 Which applies a start or stop 
ON/OFF signal to it. The circuit PSMC also comprises a 
superdiode circuit SDC comprising an input or anode con 
nected to the terminal 21 receiving the voltage Vcc, and an 
output or cathode connected to the distribution line 20. The 
circuit SDC is called a superdiode circuit because it simu 
lates the operation of an ideal diode having a Zero threshold 
voltage. The circuit SDC is therefore in a transmission state 
When the voltage Vcc is proximate to the voltage Vps1 by 
higher values, and blocked When the voltage Vcc is beloW 
the voltage Vps1. 

[0052] The voltage Vps2 is delivered by a secondary 
circuit SPSMC present in the circuit PSMC. The output of 
the circuit SPSMC forms the output OUT2 of the circuit 
PSMC, and is therefore connected to the terminal T2 of the 
column decoder CDEC. The circuit SPSMC comprises a 
sWitch SW1 linking the line 20 to the output OUT2, and a 
sWitch SW2 having one terminal Which receives the eXternal 
supply voltage Vcc and another terminal Which is connected 
to the output OUT2. The sWitches are driven by opposite 
signals S2 and /S2. The sWitch SW1 is off When the sWitch 
SW2 is on, and vice-versa. 

[0053] As illustrated, the sWitches are preferably PMOS 
transistors, so that the voltage drop at the terminals of each 
sWitch is Zero or almost Zero. The signals S2 and /S2 are 
applied to the gates of the MOS transistors through inverting 
gates I1 and I2, respectively supplied by the voltage Vps1 
and the voltage Vcc and ensuring the adaptation in voltage 
of the signals S2 and /S2. The voltage Vps2 delivered by the 
output OUT2 is thus equal to the voltage Vps1 or to the 
voltage Vcc, depending on the value of the signal S2, and 
disregarding the voltage drop in the sWitches SW1, SW2. 
The gate control voltage Vcg is delivered by a circuit 
CGGEN that, in itself, is Well knoWn to those skilled in the 
art, the output of Which forms the output OUT3 of the circuit 
PSMC. 

[0054] The regulator REG3 here has tWo modes of opera 
tion, selected by signal S1. In the ?rst mode of operation, for 
eXample When S1=0, the regulator REG3 monitors the 
voltage Vps1 present on the line 20 and activates the charge 
pump PMP3 When the voltage Vps1 becomes loWer than a 
threshold Vmin3. The threshold Vmin3 is chosen to be at 
least equal to if not higher than the highest of the thresholds 
Vmin1 and Vmin2 described above, beloW Which the volt 
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age Vps1 Would be insufficient to provide a smooth opera 
tion of the process of reading memory cells. 

[0055] In the second mode of operation, the regulator 
REG3 controls the charge pump so that it delivers a high 
voltage Vpp. The voltage Vpp is gradually applied by a 
circuit RAMPGEN that is activated by the change to 1 of the 
signal S1. The circuit RAMPGEN comprises a PMOS 
control transistor, for example, arranged in series on the line 
20, represented by dotted lines and can be considered 
transparent from an electrical point of vieW outside ramp 
generation periods. 
[0056] The ?rst operating mode of the circuit PSMC is 
shoWn in FIGS. 4A and 4B, Which respectively represent 
the voltage Vcc and the voltage Vps1. When the voltage Vcc 
is higher than Vmin3, the regulator REG3 applies the signal 
OFF to the charge pump PMP3 that is inactive (PMP3 OFF), 
and the superdiode circuit SDC is in transmission state. The 
voltage Vps1 is therefore substantially equal to the voltage 
Vcc, disregarding the voltage drop in the circuit SDC, and 
advantageously the charge pump PMP3 does not consume 
any current. 

[0057] When the voltage Vcc drops beloW Vmin3, the 
regulator activates the charge pump PMP3 by applying the 
signal ON. The charge pump then delivers a voltage Vps1 
that is adjusted proXimate to the voltage Vmin3, by succes 
sively stopping and re-starting the charge pump (PMP3 
ON/OFF) under the control of the regulator REG3. 

[0058] The circuit SPSMC prevents the voltage Vps1 from 
being applied to the column decoder CDEC during the 
periods of erasing/programming, When the voltage Vps1 is 
equal to the high voltage Vpp. The signal S2 is then set to 
0 and the column decoder is supplied by the voltage Vcc via 
the sWitch SW2. Preferably, the signal S2 is set to 1 only 
during the periods of effective reading of the memory cells, 
When the voltage Vps2 must be controlled so as to provide 
a smooth operation of the reading process. The signal S2 can 
be left set to 0 during periods of loading programming locks, 
during periods of selecting columns, etc. 

[0059] TABLE 1 beloW summariZes operation of the cir 
cuit PSMC. Vcont designates the controlled value of the 
voltage Vps1 outside periods of erasing/programming, When 
the voltage Vps1 is maintained above the threshold Vmin3, 
as shoWn by FIG. 4B. 

TABLE 1 

S1 S2 Vcg Vpsl Vps2 

Preparation steps for Writing a 
Word: 

Application of an address, 0 O O Vcont Vcc 
selection of a line and a 

column, loading a Word in 
programming locks . . . 

Writing a Word: 

Erasing the Word line 1 O Verase Vpp Vcc 
Programming the Word 1 O O Vpp Vcc 
Preparation steps for reading a 
Word: 

Application of an address, 0 O O Vcont Vcc 
selection of a line and a 

column, activation of column 
selection lock . . . 
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TABLE l-continued 

S1 S2 Vcg Vps1 Vps2 

Reading a Word: 

Activation of sense ampli?ers O 1 Vread Vcont Vcont 
and application of the read 
voltage Vread to the cells 

[0060] During reading of the memory cells, the voltage 
Vcg is equal to a read voltage Vread that is a fraction of the 
voltage Vpsl. During the erasing phases (Vps1=Vpp), the 
voltage Vcg is equal to a high voltage Verase that is a 
fraction of the voltage Vpp (Verase is on the order of Vpp 
minus a voltage drop in the NMOS transistors). During the 
programming phases, the voltage Vcg delivered by the 
circuit CGGEN is equal to 0 (ground). 

[0061] FIG. 5 represents one embodiment of the super 
diode circuit SDC. The circuit SDC mainly comprises a 
transistor Td of the PMOS type, and a control block B1 
delivering a control signal CS applied to the gate of the 
transistor Td. The source of the transistor Td is linked to the 
supply terminal 21, on Which the voltage Vcc is located. The 
drain and the bulk of the transistor Tp are linked to the 
distribution line 20, on Which the voltage Vpsl is located. 
When it is on, the transistor Td simulates the superdiode 
operation described above When the series voltage drop at its 
terminals is very loW, and is only due to its source-drain 
resistance in the forward direction (Rdson). The control 
block B1 blocks the transistor Td When the voltage Vpsl is 
higher than the voltage Vcc, so as to simulate the blocking 
of a reverse biased diode. 

[0062] BeloW, the transistors designated TPn are PMOS 
transistors and the transistors designated TNn are NMOS 
transistors, Wherein n is a number. The block B1 comprises 
tWo branches arranged as current mirrors. The ?rst com 
prises a transistor TPl in series With a transistor TN1. The 
second comprises a transistor TP2 in series With a transistor 
TN2. The source S and the bulk of the transistor TPl receive 
the voltage Vcc. The gate G of the transistor TPl is 
connected to the drain D of this transistor and to the gate of 
the transistor TF2. The drain D of the transistor TPl is 
connected to the drain of the transistor TN1, the source of 
Which is linked to ground. The source S and the bulk of the 
transistor TP2 are connected to the distribution line 20 and 
thus receive the voltage Vpsl. The drain of the transistor 
TP2 is connected to the drain of the transistor TN2, the 
source of Which is linked to ground. The gates of transistors 
TN1 and TN2 are biased by a substantially constant voltage 
Vref that provides currents I1 and I2, Which are assumed to 
be equal in the tWo branches. The voltage Vref is substan 
tially equal to the threshold voltage of the transistors TN1, 
TN2 so that the latter operate in a saturated mode (and are, 
as a result, equivalent to current generators). The control 
signal CS is taken off at the connection node of the drains of 
transistors TP2 and TN2. 

[0063] The circuit SDC optionally comprises a transistor 
TP3 driven by a signal ENABLE, Which links the gates of 
the transistors TPl, TP2 to the voltage Vcc, and a transistor 
TN3 driven by the signal ENABLE, Which links the sources 
of the transistors TN1, TN2 to ground. Again optionally, the 
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output node of the block B1 delivering the signal CS is 
linked to ground through a transistor TN5 having its gate 
driven by an inverted signal /ENABLE delivered by a gate 
I3. 

[0064] When the signal ENABLE is at 0, the transistor 
TP3 is on and the transistor TN3 is blocked. The transistors 
TPl and TP2 receive the voltage Vcc at their gates and are 
blocked. The transistor TN5 is on and forces the signal CS 
to 0, so that the transistor Td is on. The voltage Vpsl is not 
controlled and is permanently equal to Vcc. 

[0065] The circuit SDC is active When the signal 
ENABLE is at 1 (Vcc). The block B1 then operates as a sort 
of differential ampli?er comparing the source voltages of the 
transistors TPl and TP2, i.e., the voltages Vcc and Vpsl. If 
the charge pump is not activated by the regulator and the 
voltage Vpsl on the line 20 is proximate to Vcc by loWer 
values, the gate voltage of the transistor TP2 is equal to 
Vcc-Vt, Wherein Vt is the threshold voltage of TP2, While 
the source of the transistor TP2 receives a voltage proximate 
to Vcc by loWer values, i.e., Vcc-e. The source-gate voltage 
Vsg of the transistor TP2 is equal to Vt-e and is substantially 
loWer than Vt, such that the transistor TP2 is blocked. As the 
transistor TN2 is on, the signal CS tends to 0 and maintains 
the transistor Td on. When the regulator triggers the charge 
pump (voltage Vcc loWer than the threshold Vmin3), the 
voltage Vpsl becomes higher than Vcc and the source-gate 
voltage Vsg of the transistor TP2 is higher than its threshold 
voltage Vt: 

[0066] The transistor TP2 goes into a transmission state 
and the signal CS rises toWards the voltage Vpsl, such that 
the transistor Td is blocked. The sWitch time of the block B1 
is rapid such that the time in Which the voltage Vpsl boosted 
by the charge pump is in short circuit With the voltage Vcc 
is negligible. 

[0067] In fact, and as indicated above, the transistor Td 
controlled by the block B1 operates like an ideal virtual 
diode, by being on When the voltage Vpsl is proximate to 
Vcc by loWer values and by being blocked When the voltage 
Vpsl rises under the action of the charge pump. The voltage 
Vcc is then beloW Vmin3 (FIGS. 4A, 4B). 

[0068] FIG. 6 illustrates the sequence of the process of 
reading a memory cell CM)k When the voltage Vpsl is equal 
to the controlled voltage Vcont according to the present 
invention. A sense ampli?er SA]- applies a bias voltage Vpol 
to a bit line BLLk’ through the multiplexing bus MB, a 
selection transistor STj)k and an access transistor AT. The 
transistor AT receives the selection signal RSi equal to Vpsl 
at its gate, delivered by the line decoder (not represented). 
Similarly, the selection transistor STj)k receives the selection 
signal CSk equal to Vps at its gate delivered by the column 
decoder (not represented). The voltage Vpsl is at least equal 
to if not higher than the threshold Vmin2=Vpol+Vt. The 
voltage Vpol is transmitted, Without attenuation, to the drain 
of a ?oating-gate transistor FGT present in the memory cell 

CLLk' 
[0069] The gate control voltage Vcg, equal to Vread, is 
applied to the gate of the transistor FGT via a transistor TN7, 
a gate control line CGLk and a gate control transistor 
CGTLk. The transistor TN7 is a column lock element CIk 
comprising a locking means formed by tWo inverting gates 
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I4, I5 head to foot supplied by the voltage Vps1. The output 
of the locking means is set to 1 by applying the selection 
signal CSk to a transistor TL2, arranged betWeen the input of 
the locking means and ground. 

[0070] Therefore, the output of the locking means delivers 
a gate signal of the transistor TL1 equal to Vps1. The voltage 
Vps1 is at least equal to if not higher than the threshold 
Vmin1=Vread+Vt, and the voltage Vread is transmitted 
Without attenuation to the gate control line. Similarly, the 
transistor CGTLk receives the selection signal RSi equal to 
Vps1 at its gate, such that the voltage Vread is transmitted, 
Without attenuation, to the gate of the transistor FGT. When 
the reading of the transistor is ?nished, the lock CLk is reset 
to 0 by applying a signal RST to the gate of a transistor TN9 
arranged betWeen the output of the locking means and 
ground. 
[0071] Controlling the voltage Vps1 according to the 
present invention provides a smooth operation of the reading 
process While offering the advantage of only triggering the 
charge pump When it is truly necessary, i.e., When the 
voltage Vcc is beloW Vmin3, such that the total electrical 
consumption of the PSMC device is optimal. To truly 
optimiZe the electrical consumption of the device PSMC, it 
is recommended to choose the loWest threshold Vmin3 
possible. The minimum value of Vmin3 is equal to the 
highest threshold out of the tWo thresholds Vmin1, Vmin2. 

[0072] It Will be understood by those skilled in the art that 
variations of the present invention may be made. In particu 
lar, providing a superdiode circuit according to the present 
invention alloWs the triggering of the charge pump to be 
delayed as much as possible and the eXternal voltage Vcc to 
be used to a maXimum, before it becomes loWer than the 
threshold Vmin3. HoWever, the use of a simple diode that 
has a non-Zero voltage Vdiode at its terminals can also be 
considered. In this case, the charge pump is triggered When 
the voltage Vcc becomes loWer than a threshold Vmin4= 
Vmin3+Vdiode, instead of being triggered When the voltage 
Vcc becomes loWer than the threshold Vmin3. In this case, 
the charge pump is active When the voltage Vcc is betWeen 
the thresholds Vmin4 and Vmin3, Which can lead to current 
consumption that is substantially higher in applications 
Where the voltage Vcc is often included in this range of 
values. 

[0073] Furthermore, although the description above is of a 
poWer supply management circuit that advantageously uses 
a single booster circuit to control the internal supply voltage 
during the reading of memory cells and to deliver the high 
voltage Vpp during the erasing and the programming of 
memory cells, it Will be understood that a circuit according 
to the present invention could comprise tWo distinct booster 
circuits. 

[0074] It Will also be understood by those skilled in the art 
that the present invention is susceptible of being applied to 
various types of memories, since the memory architecture 
described above has only been given as an eXample. 

That Which is claimed is: 

1. Electrically erasable and programmable memory 
(MEM2), comprising a memory array (MA) comprising 
memory cells (Cid->1‘), and a distribution line (20) of an 
internal supply voltage (Vps1, Vcont) linked ?rstly to a 
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receiving terminal (21) of an eXternal supply voltage (Vcc) 
and secondly to a booster circuit (PMP3), 

characterised in that it comprises a diode or a diode circuit 
(SDC) simulating the operation of a diode, linking the 
distribution line (20) to the receiving terminal (21), and 
means (REG3) for triggering the booster circuit 
(PMP3) When the internal supply voltage (Vps1, 
Vcont) becomes loWer than a determined threshold 
(Vmin3), so as to maintain the internal supply voltage 
(Vps1, Vcont) proximate to the threshold (Vmin3) 
When the eXternal supply voltage (Vcc) is too loW, at 
least during the reading of memory cells, the diode or 
the diode circuit (SDC) then being blocked. 

2. Memory according to claim 1, in Which the determined 
threshold (Vmin3) is higher than or equal to the sum of a 
memory cell read voltage (Vread) and a MOS transistor 
threshold voltage (Vt). 

3. Memory according to one of claims 1 and 2, in Which 
the determined threshold (Vmin3) is higher than or equal to 
the sum of a drain bias voltage (Vpol) of a memory cell to 
be read and a MOS transistor threshold voltage (Vt). 

4. Memory according to one of claims 1 to 3, comprising 
a booster circuit (PMP3) to take the internal supply voltage 
(Vps1) to a high memory cell erasing or programming 
voltage (Vpp), during phases of erasing or programming 
memory cells. 

5. Memory according to one of claims 1 to 4, comprising 
a single booster circuit (PMP3) and a regulator (REG3) With 
tWo operating modes, to: 

during phases of erasing or programming memory cells, 
take the internal supply voltage (Vps1) to a high 
erasing or programming voltage (Vpp), and 

at least during phases of reading memory cells, maintain 
the internal supply voltage (Vps1, Vcont) proXimate to 
the threshold (Vmin3) When the eXternal supply voltage 
(Vcc) is too loW. 

6. Memory according to one of claims 1 to 5, comprising 
a line decoder (RDEC) comprising a supply terminal (T1) 
connected to the distribution line (20). 

7. Memory according to one of claims 1 to 6, comprising 
column selection locks (CLk) and a column selection lock 
supply terminal (T3) connected to the distribution line (20). 

8. Memory according to one of claims 1 to 7, comprising 
programming locks (PLLk) and a programming lock supply 
terminal (T4) connected to the distribution line (20). 

9. Memory according to one of claims 1 to 8, comprising 
a column decoder (CDEC) and a column decoder supply 
terminal (T2) that is linked ?rstly to the distribution line (20) 
through a ?rst sWitch (SW1) that is off at least during phases 
of reading memory cells, and is linked secondly to the 
receiving terminal (21) of the eXternal supply voltage (Vcc) 
through a second sWitch (SW2) that is off When the ?rst 
sWitch (SW1) is on. 

10. Memory according to one of claims 1 to 9, in Which 
the diode circuit (SDC) comprises: 

a poWer sWitch (Td) With loW series voltage drop Wherein 
the anode is linked to the receiving terminal (21) of the 
eXternal supply voltage (Vcc) and the cathode is linked 
to the distribution line (20), and 

means (B1) for controlling the poWer sWitch (Td), 
arranged to automatically sWitch off the poWer sWitch 
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(Td) When the internal supply voltage (Vps1) is higher 
than the external supply voltage (Vcc). 

11. Memory according to claim 10, in Which the means for 
controlling the sWitch comprise a differential circuit (B1) to 
compare the external supply voltage (Vcc) and the internal 
supply voltage (Vps1) and to deliver a control signal (CS) of 
the poWer sWitch (Td), so as to sWitch on the poWer sWitch 
When the internal supply voltage (Vps1) is higher than the 
external supply voltage (Vcc), and to maintain the poWer 
sWitch off When the internal supply voltage is substantially 
equal to the external supply voltage. 

12. Memory according to claim 11, in Which the differ 
ential circuit (B1) comprises: 

tWo branches (TP1/T N1, TP2/TN2) arranged as current 
mirrors, each comprising at least one PMOS transistor 
(TP1, TP2) in series With an NMOS transistor (TN1, 
TN2), a ?rst branch being biased by the external supply 
voltage (Vcc) and a second branch being biased by the 
internal supply voltage (Vps1), the control signal (CS) 
of the poWer sWitch (Td) being taken off at the drain of 
the PMOS transistor (TP2) of the branch biased by the 
internal supply voltage (Vps1). 

13. Memory according to one of claims 10 to 12, in Which 
the poWer sWitch is a PMOS transistor (Td). 

14. Memory according to one of claims 1 to 13, in Which 
the booster circuit is a charge pump (PMP). 

15. Method for managing an internal supply voltage 
(Vps1) of an electrically erasable and programmable 
memory (MEM2), comprising a memory array (MA) com 
prising memory cells (CLLk), and a distribution line (20) of 
the internal supply voltage (Vps1, Vcont) linked ?rstly to a 
receiving terminal (21) of an external supply voltage (Vcc) 
and secondly to a booster circuit (PMP3), 

characterised in that it comprises one step of linking the 
distribution line (20) to the receiving terminal (21) 
through a diode or a diode circuit (SDC) simulating the 
operation of a diode, and one step of activating the 
booster circuit (PMP3) When the internal supply volt 
age (Vps1, Vcont) becomes loWer than a determined 
threshold (Vmin3), so as to maintain the internal supply 
voltage (Vps1, Vcont) proximate to the threshold 
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(Vmin3) When the external supply voltage (Vcc) is too 
loW, at least during the reading of memory cells, the 
diode or the diode circuit (SDC) then being blocked. 

16. Method according to claim 15, in Which the deter 
mined threshold (Vmin3) is higher than or equal to the sum 
of a memory cell read voltage (Vread) and a MOS transistor 
threshold voltage (Vt). 

17. Method according to one of claims 14 and 15, in 
Which the determined threshold (Vmin3) is higher than or 
equal to the sum of a drain bias voltage (Vpol) of a memory 
cell to be read and a MOS transistor threshold voltage (Vt). 

18. Method according to one of claims 15 to 17, in Which 
a single booster circuit (PMP3) is provided to: 

during phases of erasing or programming memory cells, 
take the internal supply voltage (Vps1) to a high 
erasing or programming voltage (Vpp), and 

at least during phases of reading memory cells, maintain 
the internal supply voltage (Vps1, Vcont) proximate to 
the threshold (Vmin3) When the external supply voltage 
(Vcc) is too loW. 

19. Method according to one of claims 15 to 18, applied 
to a memory comprising a column decoder (CDEC) and a 
supply terminal (T2) of the column decoder, in Which the 
supply terminal (T2) of the column decoder is linked both to 
the distribution line (20), through a ?rst sWitch (SW1) that 
is off at least during phases of reading memory cells, and to 
the receiving terminal (21) of the external supply voltage 
(Vcc) through a second sWitch (SW2) that is off When the 
?rst sWitch (SW1) is on. 

20. Method according to one of claims 15 to 19, in Which 
a diode circuit (SDC) is used comprising a poWer sWitch 
(Td) With loW series voltage drop Wherein the anode is 
linked to the receiving terminal (21) of the external supply 
voltage (Vcc) and the cathode is linked to the distribution 
line (20), and means (B1) for controlling the poWer sWitch 
(Td), arranged to automatically sWitch off the poWer sWitch 
(Td) When the internal supply voltage (Vps1) is higher than 
the external supply voltage (Vcc). 

* * * * * 


